Access to essential medications and health products is critical to effective management of kidney disease. Using data from the ISN Global Kidney Health Atlas multinational crosssectional survey, global access of patients with kidney disease to essential medications and health products was examined. Overall, 125 countries participated, with 118 countries, composing 91.5% of the world's population, providing data on this domain. Most countries were unable to access eGFR and albuminuria in their primary care settings. Only one-third of low-income countries (LICs) were able to measure serum creatinine and none were able to access eGFR or quantify proteinuria. The ability to monitor diabetes mellitus through serum glucose and glycated hemoglobin measurements was suboptimal. Pathology services were rarely available in tertiary care in LICs (12%) and lower middle-income countries (45%). While acute and chronic hemodialysis services were available in almost all countries, acute and chronic peritoneal dialysis services were rarely available in LICs (18% and 29%, respectively). Kidney transplantation was available in 79% of countries overall and in 12% of LICs. While over one-half of all countries publicly funded RRT and kidney medications with or without copayment, this was less common in LICs and lower middle-income countries. In conclusion, this study demonstrated significant gaps in services for kidney care and funding that were most apparent in LICs and lower middleincome countries. E quitable access to quality, affordable, safe, effective, and essential medications; health services; and health products or technologies that meet peoples' priority health care needs without exposing them to financial hardship in paying for them is a key platform of the worldwide push for universal health coverage 1, 2 and the World Health Organization (WHO) Sustainable Development Goal 3: Health. 3 Such access is particularly important for people with chronic kidney disease (CKD) or acute kidney injury (AKI) or both given that kidney disease is a major global public health problem with extremely high morbidity and premature mortality 4 and significant financial impacts for individuals, societies, and health care systems. 5, 6 CKD is a common cause of noncommunicable disease with a mean global prevalence of 12% to 15%. 7 It is strongly associated with excessive health care costs, high medication burden, kidney failure requiring renal replacement therapy (RRT), poor quality of life, and increased risks of both communicable and other noncommunicable diseases (particularly cardiovascular disease). 4, [8] [9] [10] Similarly, AKI is common, not infrequently requires supportive RRT, and is associated with high rates of morbidity and mortality. 11, 12 Furthermore, AKI is associated with an increased risk of CKD, and vice versa. 13 Despite the public health importance of CKD and AKI, global access of people with kidney disease to essential medications and health products has not been comprehensively studied or described to date. The aim of the present study, which formed part of the International Society of Nephrology (ISN) Global Kidney Health Atlas project, was to characterize the availability, coverage, scope, capacity, and accessibility of health services for identification, monitoring, and management of kidney care; capacity and funding structure for acute and chronic RRT provision; and medication provision and reimbursement, across countries, ISN regions, 14 and 2014 World Bank country classification as low-, lower middle-, upper middle-, and high-income nations. 15 
RESULTS

Characteristics of participating countries
Of 130 countries surveyed, 125 countries participated, with 118 countries (17 low income, 33 lower middle income, 30 upper middle income, and 38 high income), composing 91.5% of the world's population, providing data pertaining to this domain. The total percentage of gross domestic product spent on health care for each of these countries is presented in Supplementary Figure S1. 16 Identification, monitoring, and management of CKD The availability of 12 different health care services related to identification, monitoring, and management of CKD was examined at primary and secondary or tertiary care levels in all participating countries (Figures 1 and 2 ). Overall, there was a graded effect with greater availability observed in secondary or tertiary care compared with primary care and increasing levels of availability in countries through the progression from low-income to lower middle-income to upper middle-income to high-income categorizations (Figures 1  and 2 ).
Primary health care services in low-income countries, particularly in the region of Africa, had limited capacity to diagnose and monitor CKD, being primarily constrained to measurement of blood pressure (94%) and height and weight (73%). Only one-third of low-income countries were able to measure serum creatinine in primary care, and none was able to access estimated glomerular filtration rate (eGFR), quantitative urinalysis, urine albumin to creatinine ratio (UACR), or urine protein to creatinine ratio (UPCR). Qualitative urinalysis using test strips for albumin or protein or both was available in 41% of low-income countries, while 18% had access to radiology services, and 6% to glycated hemoglobin (HbA1c) measurements. Remarkably, only 58% of high-income countries had access to UACR or UPCR in primary care.
Secondary and tertiary health care services enjoyed greater access to CKD identification, monitoring, and management services, although limitations were commonly observed for proteinuria assessment, pathology services, and HbA1c measurement, particularly in low-income countries.
Capacity for provision of RRT
Chronic dialysis facilities. All participating countries (n ¼ 118) had capacity to provide chronic hemodialysis (HD) services whereas only 80% (n ¼ 95) of countries had capacity to provide chronic peritoneal dialysis (PD) services. Chronic PD services were rarely available in low-income countries, with only 29% (n ¼ 5) of countries reporting such capacity ( Figure 3 ). When analyzed according to ISN regions, 48% (n ¼ 16) of African countries and 69% (n ¼ 9) of Oceanian and Southeast Asian (OSEA) countries had capacity to provide chronic PD services (Supplementary Figure S2 ). The proportions of countries with capacity to provide chronic PD ranged from 69% to 100% in the remaining ISN regions (Supplementary Figure S2) .
Transplant facilities. A total of 93 of 118 (79%) participating countries had the capacity to perform kidney transplantation. Only 12% (n ¼ 2) of low-income countries had kidney transplantation services ( Figure 3 ). The types of kidney transplantations performed varied across countries, with the majority of lower middle-income countries (62%, n ¼ 16) and low-income countries (100%, n ¼ 2) performing solely living donor kidney transplantations (Supplementary Figure S3 ). When analyzed according to ISN regions, the majority of countries in Africa (58%, n ¼ 7) and South Asia (60%, n ¼ 3) solely performed living donor kidney transplantations (Supplementary Figure S4) . The presence of national transplant waiting lists also varied considerably according to income groups: low-income (0%, n ¼ 0), lower middle-income (24%, n ¼ 8), upper middleincome (47%, n ¼ 14), and high-income (71%, n ¼ 27). Figure S2 ). All countries in the remaining ISN regions had the capacity to perform kidney transplantations.
Acute dialysis facilities. Acute HD services were available in almost all participating countries ( Figure 3 ). However, acute PD services were only available in 18% (n ¼ 3) of lowincome, 59% (n ¼ 20) of lower middle-income, 73% (n ¼ 22) of upper middle-income, and 71% (n ¼ 27) of high-income countries ( Figure 3 ). When analyzed according to ISN regions, only 36% (n ¼ 12) of African countries, 46% (n ¼ 6) of OSEA countries, and 54% (n ¼ 7) of Middle Eastern countries had acute PD services. The proportions of countries with acute PD services ranged from 67% to 100% in the remaining ISN regions (Supplementary Figure S2 ).
Funding structure for RRT services
In general, funding for all RRT services across countries followed a similar pattern with the majority of countries funding RRT services through government with no fees at the point of delivery, followed by a mix of public and private funding systems, and then funding through government with some fees at the point of delivery. Only a minority of countries funded RRT services through solely private and out-of-pocket sources (Figure 4 ).
Funding for chronic dialysis services. The distributions of sources of funding for chronic HD were examined according to both 2014 World Bank income group and ISN region classifications and are presented in Supplementary Figures S5 and S6, respectively. The majority of high-income countries (69%) and upper middle-income countries (60%) funded chronic HD through government, whereas only 48% of lowincome countries and 36% of lower middle-income countries funded chronic HD through government. Twelve percent of low-income countries funded chronic HD solely through private and out-of-pocket sources (Supplementary Figure S5 ). All countries in the North America region and the majority of countries in the Eastern and Central Europe, Western Europe, Middle East, and Newly Independent States (NIS) and Russia regions funded chronic HD mainly through government with no fees at the point of delivery, whereas the majority of countries in Latin America and the Caribbean, OSEA, South Asia, and Africa funded chronic HD mainly through a mix of public and private funding systems. The majority of countries from North and East Asia funded chronic HD through government with some fees at the point of delivery.
The distributions of sources of funding for chronic PD according to both World Bank income group and ISN region classifications are presented in Supplementary  Figures S7 and S8 , respectively. These funding sources followed a similar pattern to those of chronic HD, except that no chronic PD services in low-income countries were publicly funded through government and free at the point of delivery.
Funding for transplant services. The distributions of sources of funding for transplantation services according to both World Bank income group and ISN region classifications are presented in Supplementary Figures S9 and S10, respectively. Kidney transplantation was most commonly funded through government with no fees at the point of delivery in high-and upper middle-income countries, while a mix of public and private funding systems predominated in lower middle-and low-income countries (Supplementary Figure S9 ). All countries in the North American and Eastern and Central Europe regions and the majority of countries in the Western Europe and NIS and Russia regions funded kidney transplantation through government with no fees, whereas all countries from the South Asia region and the majority of countries from Latin America and the Caribbean and OSEA funded kidney transplantation through a mix of public and private funding systems.
Funding for acute dialysis services. The distributions of sources of funding for acute HD according to both World Bank income group and ISN region classifications are presented in Supplementary Figures S11 and S12, respectively. The patterns of these funding source distributions were comparable to those of chronic HD ( Supplementary  Figures S5 and S6) .
Similarly, the patterns of funding source distributions for acute PD (Supplementary Figures S13 and S14) were comparable to those of chronic PD ( Supplementary Figures S7  and S8 ), except that only 50% of countries from the North American region funded acute PD through government with no fees at the point of delivery and all countries in North and East Asia funded acute PD through government with some fees at the point of delivery (Supplementary Figure S14 ).
Access to essential medications and health products
In general, fewer countries funded medications for CKD patients through government compared with medications for dialysis and transplant patients ( Figure 5 ). Overall, less than one-half of countries funded medications for patients with kidney disease through government with or without fees at the point of delivery.
Funding of medications for CKD patients. The distributions of sources of funding for medications for CKD patients according to both World Bank income group and ISN region classifications are presented in Supplementary Figures S15 and S16, respectively. No low-or lower middle-income countries funded medications for CKD patients through government or provided medications free at the point of delivery (Supplementary Figure S15 ). Even among highincome countries, only a minority publicly funded medications for CKD patients, providing them free at the point of delivery. Although all countries from the North American region funded chronic RRT services through government with no fees at the point of delivery, none publicly funded medications for CKD patients through government, instead funding these through a mix of public and private funding systems (Supplementary Figure S16) .
Funding of medications for dialysis patients. The distributions of sources of funding for medications for dialysis patients according to both World Bank income group and ISN region classifications are presented in Supplementary Figures S17 and S18, respectively. These patterns of funding source distributions were similar to those of CKD patients.
Funding of medications for kidney transplant patients. The distributions of sources of funding for medications for kidney transplant patients according to both World Bank income group and ISN region classifications are presented in Supplementary Figures S19 and S20 , respectively. For the majority of low-income countries (53%, n ¼ 9), funding for medications for transplant patients was through solely private and out-of-pocket sources (Supplementary Figure S19) . For the remaining countries, including high-income countries, only a minority publicly funded transplant medications through government and provided the medications free at the point of delivery (Supplementary Figure S19) . The majority of Figure S20 ).
DISCUSSION
The present study found evidence of considerable variation in access of patients with kidney disease to essential medications and health products between countries and within or between ISN regions and World Bank income groups. Specifically, basic and essential tests for identifying monitoring and managing CKD (such as serum creatinine and albuminuria or proteinuria measurements) were not widely available in primary health care services in many countries; PD and kidney transplantation were not available in approximately one-fifth of countries; and RRTand kidney care medications were publicly funded and free at the point of delivery in only a minority of countries. These gaps in kidney care were particularly marked in low-and lower middle-income countries, especially in the African and Southeast Asian regions.
A key global challenge and opportunity for closing the gap in kidney care identified in this study was addressing health care deficits in identifying monitoring and managing CKD. A recent systematic review estimated the global prevalence of CKD to be 13.4% (95% confidence interval: 11.7-15.1), with the majority of cases being in stage 3. 7 Although early detection and management of CKD has the potential to yield marked public health benefits, 17, 18 the present study found that most countries had inadequate CKD detection and surveillance systems to achieve this goal. The Kidney Disease Improving Global Outcomes Clinical Practice Guideline for the Evaluation and Management of CKD 19 recommends measurement of both GFR and albuminuria for the detection, diagnosis, staging, and monitoring of CKD. However, the majority of countries in the present study were unable to access both eGFR and albuminuria in their primary health care settings. In particular, only one-third of low-income countries were able to measure serum creatinine and none were able to access eGFR, quantitative urinalysis, or UACR or UPCR. Remarkably, only just over one-half of high-income countries had access to either eGFR or UACR or UPCR measurements at the primary care level. Estimating GFR using serum creatinine is an essential component in diagnosis, staging, and management of CKD. Monitoring of eGFR with serum creatinine rather than serum creatinine alone is important as serum creatinine is an inaccurate marker of renal function and can be modified by several factors including age, sex, and race. Automated laboratory reporting of eGFR with serum creatinine requests has been identified as an important, low-cost strategy that has proven to be effective for improving CKD detection and management in the community. 20, 21 Although eGFR can be easily obtained without additional cost, several low-income and lower middle-income countries reported unavailability of eGFR at both primary and secondary or tertiary care levels.
The present study also demonstrated that the ability of primary health care services to monitor diabetes mellitus, one of the commonest causes of CKD worldwide, was suboptimal in a majority of countries. In particular, serum glucose and HbA1c measurements were only available in 41% and 6% of low-income countries, respectively. It has been estimated that over 8% of the world's population have diabetes mellitus and that 75% of people with diabetes mellitus live in low-and middle-income countries. 22 Monitoring of HbA1c is important for predicting the complications of diabetes mellitus and assessing the efficacy of its treatment. 23 Remarkably, one-quarter of high-income countries did not have HbA1c measurements available in primary care.
Secondary and tertiary health care services fared better than primary care in most countries, although a considerable number of countries did not have secondary or tertiary care access to eGFR, UACR or UPCR measurements, or pathology services (including renal biopsy). These gaps in CKD care were particularly marked in low-and lower middle-income countries, such that their abilities to diagnose important underlying causes of CKD (e.g., glomerulonephritis), monitor CKD progression, and institute appropriate treatment were extremely limited.
Another important gap in global kidney care identified in this study was that PD, particularly acute PD, was less available compared with HD, particularly in resource-poor countries. For example, while acute and chronic HD were available in the vast majority of low-income countries, acute and chronic PD were available in only 18% and 29%, respectively. This paradoxical observation is contrary to what might be expected given that PD is generally less expensive than HD in most of the countries where it is practised, 24 is less technically demanding, affords greater patient autonomy and satisfaction, 25 is more feasible when patients reside great distances from the nearest health care facility, 26 is generally less challenging than HD to manage in the setting of natural disasters, 27 and has been shown to be associated with comparable or superior survival and quality of life compared with HD. 28 Consequently, a number of countries, including Hong Kong, 29 Thailand, 30 USA, 31 and China, 32 have enacted public policies that actively promote and provide financial incentives for use of PD over HD to leverage its lower costs to the health care system. 32 Nevertheless, only 48% of countries in the African region and 69% in OSEA had the capacity to provide chronic PD services. A review of the experiences of resource-limited countries attempting to implement good quality dialysis as part of universal health coverage reforms recommended that low-and middle-income countries should opt for PD as first-line treatment whenever there is limited budget allocation for dialysis programs, restricted human resources for health or significant geographical barriers to health care facility access or both. 33 While the barriers and enablers for establishing PD in resource-limited countries were not specifically evaluated in the present study, practical solutions would likely include securing reliable local manufacture and distribution of lowcost PD solutions and local training of health care professionals in PD care. As an example, PD solutions and catheters are considerably more expensive in sub-Saharan Africa than in other parts of the world; this problem could be successfully addressed through partnership among governments, international health agencies, and industry, as occurred with the provision of low-cost antiretroviral therapy to African countries. 34 Similarly, the Saving Young Lives program of ISN has built capacity and increased access to acute PD in some lowincome countries. [35] [36] [37] Similar to PD, approximately one-fifth of countries did not have the capacity to perform kidney transplantation, despite the fact that kidney transplantation is associated with superior survival, quality of life, and cost-effectiveness compared with other forms of RRT. 38 This gap was most marked in low-income countries, where only 12% had kidney transplantation services available. When analyzed by region, kidney transplantation was most underrepresented in countries in Africa (36%). Strategies for addressing these important gaps in kidney care include creation of national health insurance schemes; public education regarding organ donation; local health professional training in kidney transplantation; procurement of low-cost immunosuppressive agents and therapeutic drug monitoring; and facilitation of partnerships among government, industry, and nongovernment and philanthropic organizations to promote kidney transplantataion. 39 Funding structures for RRT also showed considerable variations between countries and regions. While just over one-half of countries publicly funded RRT with or without a patient copayment, this was much less common in low-and lower middle-income countries and countries in the African, South Asian, and OSEA regions where there was a large private contribution toward payment for RRT services. Similar findings were observed for funding for medications for nondialysis CKD, dialysis, and kidney transplant patients. It is also interesting to note that countries in the North American region publicly funded medications for all RRT modalities through government and provided the medications free at the point of delivery, but this did not extend to funding medications for CKD. Development of context-specific and adaptable strategies to make these care components (services for identification, monitoring, and management of kidney diseases; provision of RRT services; and essential kidney care medications) accessible and affordable to the burgeoning CKD populations at global, regional, and national levels is urgently required. 40 These strategies should ideally be integrated into overarching noncommunicable disease strategies. Communities should advocate for the widespread uptake of the WHO Model List of Essential Medications 41 and pursuit of WHO Sustainable Development Goal 3: Health, particularly 3.b, in providing affordable essential medicines. 3 This is the largest, most comprehensive, and most up-todate study of country and regional availability of services for identifying, monitoring, and managing CKD, capacity for acute and chronic RRT provision, and access to medications and medication reimbursement plans. Its major strengths include high external validity (involving 118 countries composing 91.5% of the world's population with broad coverage across World Bank income groups and geographic regions), use of a rigorous survey instrument based on the widely applied WHO health system building blocks, 42 and involvement of a broad range of key regional and national stakeholders (including nephrologist leaders, health care policymakers, and consumer representative organizations). These strengths should be balanced against the study's limitations, including response biases such as social desirability bias and r e v i e w demand characteristics. Such biases were mitigated by corroboration and validation of findings at country levels with regional leaders and published and gray literature. The nature of the survey also meant that the information acquired depended largely on the knowledge, expertise, and perceptions of respondents. In order to optimize the quality of information obtained, respondents with a range of expertise and regional representation were carefully selected following liaison with ISN regional boards. Any discrepant responses between respondents within countries were resolved by teleconference with regional board representatives. It should also be noted that this study focused on RRT availability but did not evaluate RRT accessibility, quality, or outcomes.
In conclusion, the present study examined 1 of the core areas of care of patients with kidney disease, that is, access to essential medications and health products. It demonstrated significant gaps in services for identification, monitoring, and management of CKD; provision of RRT; and funding of RRT and essential kidney care medications that varied markedly between countries and regions and were most apparent in low-and lower middle-income countries. Providing affordable, robust kidney care programs that facilitate early detection and management of kidney disease in the community and provide universal health coverage with respect to affordable RRT and essential kidney care medications is crucial to addressing the burgeoning public health problem due to CKD and AKI. This will require the forging of partnerships among the international nephrology community, governments, international health agencies, and nongovernment and philanthropic organizations to develop innovative solutions to closing the gaps in kidney care, particularly in resource-limited settings. The findings of the present study can also provide important baseline information against which country progress can be benchmarked.
METHODS
This study formed part of the Global Kidney Health Atlas project, a multinational, cross-sectional study of global kidney care conducted by the ISN. All United Nations Member States were invited to participate, with a specific focus on 130 countries with ISN affiliated societies. An online questionnaire was distributed through the ISN's 10 regional boards (Africa, Eastern and Central Europe, Latin America and the Caribbean, Middle East, North America, North and East Asia, OSEA, NIS and Russia, South Asia, and Western Europe) to a minimum of 3 key stakeholders in each country, including leaders of national nephrology societies, health care policymakers, and representatives of kidney disease patient advocacy organizations. Details regarding the sampling approach, development and validation of the survey, data handling, and statistical analysis have been previously published. 43, 44 For the purpose of analysis, countries were grouped by 2014 World Bank income group 15 and ISN region. 14 The present study examined 1 of the main WHO health system building blocks: access to essential medications and health products. 45 In this health system domain, the 3 major areas of kidney care evaluated included capacity for identification, monitoring, and management of CKD; capacity for acute and chronic RRT provision; and access to medications for kidney care and reimbursement plans.
The health care services examined under capacity for identification, monitoring, and management of CKD included capacity for monitoring of blood pressure, measurement of weight and height, monitoring of serum glucose, monitoring of HbA1c, measurement of serum cholesterol, monitoring of serum creatinine without eGFR, monitoring of serum creatinine with eGFR, qualitative monitoring of urine albumin, quantitative monitoring of urine albumin, monitoring of UACR or UPCR, radiology services, and pathology services. The availabilities of these services were assessed at both primary and secondary or tertiary care levels. An individual country was considered to have a particular service if such service was available in more than 50% of health care facilities within that country.
The health care services examined under capacity for RRT provision included availability and source(s) of funding for chronic HD, chronic PD, acute HD, acute PD, and kidney transplantation. The sources of funding for health care services were subclassified as publicly funded by government with no fee at the point of delivery; publicly funded by government with some fees at the point of delivery; a mix of publicly funded and private systems; multiple funding sources from government, nongovernment organizations, and communities; solely private and out-of-pocket sources; and other sources.
The health care services examined under access to medications and reimbursement plans included source of funding for medications for care of CKD patients, dialysis patients, and kidney transplant patients.
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